Assessment of the microbial diversity of Brazilian kefir grains by PCR-DGGE and pyrosequencing analysis  by Leite, A.M.O. et al.
at SciVerse ScienceDirect
Food Microbiology 31 (2012) 215e221Contents lists availableFood Microbiology
journal homepage: www.elsevier .com/locate/ fmAssessment of the microbial diversity of Brazilian keﬁr grains by PCR-DGGE
and pyrosequencing analysis
A.M.O. Leite a,b, B. Mayo a, C.T.C.C. Rachid c, R.S. Peixoto c, J.T. Silva b, V.M.F. Paschoalin b, S. Delgado a,*
aDepartamento de Microbiología y Bioquímica, Instituto de Productos Lácteos de Asturias (IPLA-CSIC), Carretera de Inﬁesto s/n, 33300 Villaviciosa, Asturias, Spain
bDepartamento de Bioquímica, Instituto de Química, Universidade Federal do Rio de Janeiro, Avenida Athos da Silveira Ramos, 149-Bloco A, Sala 545, 21941-909 Cidade Universitária,
Rio de Janeiro, RJ, Brazil
cDepartamento de Microbiologia, Instituto de Microbiologia Geral, Universidade Federal do Rio de Janeiro, Avenida Carlos Chagas Filho, 373, 21941-904 Cidade Universitária,
Rio de Janeiro, RJ, Brazila r t i c l e i n f o
Article history:
Received 25 November 2011
Received in revised form
29 February 2012
Accepted 19 March 2012
Available online 1 April 2012
Keywords:
Keﬁr grains
Culture-independent microbiology
PCR-DGGE
Pyrosequencing
Lactobacillus* Corresponding author. Tel.: þ34 985 892131; fax:
E-mail address: sdelgado@ipla.csic.es (S. Delgado)
doi:10.1016/j.fm.2012.03.011
0740-0020  2012 Elsevier Ltd. Open access under the Ela b s t r a c t
The microbial diversity and community structure of three different keﬁr grains from different parts of
Brazil were examined via the combination of two culture-independent methods: PCR-denaturing
gradient gel electrophoresis (PCR-DGGE) and pyrosequencing. PCR-DGGE showed Lactobacillus keﬁr-
anofaciens and Lactobacillus keﬁri to be the major bacterial populations in all three grains. The yeast
community was dominated by Saccharomyces cerevisiae. Pyrosequencing produced a total of 14,314
partial 16S rDNA sequence reads from the three grains. Sequence analysis grouped the reads into three
phyla, of which Firmicutes was dominant. Members of the genus Lactobacillus were the most abundant
operational taxonomic units (OTUs) in all samples, accounting for up to 96% of the sequences. OTUs
belonging to other lactic and acetic acid bacteria genera, such as Lactococcus, Leuconostoc, Streptococcus
and Acetobacter, were also identiﬁed at low levels. Two of the grains showed identical DGGE proﬁles and
a similar number of OTUs, while the third sample showed the highest diversity by both techniques.
Pyrosequencing allowed the identiﬁcation of bacteria that were present in small numbers and rarely
associated with the microbial community of this complex ecosystem.
 2012 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Keﬁr is a viscous, acidic, and mildly alcoholic milk beverage
produced via the fermentation of milk using keﬁr grain as a starter
culture (FAO/WHO, 2003). Thought to be native to the Caucasus and
Middle East, production and consumption of keﬁr has now spread
throughout the world, spurred by its long history of beneﬁcial
health effects (Urdaneta et al., 2007; Farnworth and Mainville,
2008; Chiﬁriuc et al., 2011). Keﬁr grains are white to yellowish-
white, cauliﬂower-like “ﬂorets” composed of an inert poly-
saccharide/protein matrix containing a stable and speciﬁc micro-
bial community of different lactic acid bacteria (LAB), acetic acid
bacteria (AAB) and yeast species in a complex symbiotic relation-
ship (Farnworth, 2005; Magalhães et al., 2010, 2011). Keﬁr grains
are supposed to have developed spontaneously in milk stored in
containers made from animal skins, intestines or bladders. Grains
may have arisen independently in different locations and may beþ34 985 892233.
.
sevier OA license.associated with speciﬁc microbial populations that produce
beverages with distinct sensory properties (Rea et al., 1996; Miguel
et al., 2010).
The microbial diversity of keﬁr has traditionally been assessed
by culturing methods by which different LAB species have been
identiﬁed. Awide variety of Lactobacillus species have been isolated
from both keﬁr beverages and grains, including Lactobacillus keﬁri,
Lactobacillus keﬁranofaciens, Lactobacillus keﬁrgranum and Lacto-
bacillus parakeﬁri, which constitute dominant populations (Rea
et al., 1996; Kuo and Lin, 1999; Garrote et al., 2001; Simova et al.,
2002). Lactococcus lactis subsp. lactis and Lactococcus lactis subsp.
cremoris are also commonly reported; these bacteria are thought to
be loosely associated with the grains and responsible for acidiﬁ-
cation (Magalhães et al., 2011). Not surprisingly, Lc. lactis has been
identiﬁed as dominant in the fermented product by both culturing
and culture-independent techniques (Simova et al., 2002; Chen
et al., 2008; Dobson et al., 2011). Leuconostoc and other Lactoba-
cillus species have also been isolated in small numbers (Simova
et al., 2002; Mainville et al., 2006). AAB have received less atten-
tion, although they are presumed to be essential in both the
microbial consortium and the organoleptic characteristics of the
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yeasts, Kluyveromyces marxianus, Torulaspora delbrueckii, Saccha-
romyces cerevisiae, Candida keﬁr, Saccharomyces unisporus, Pichia
fermentans, Kazachastania aerobia, Lachancea meyersii, Yarrowia
lipolytica and Kazachstania unispora have all been detected (Simova
et al., 2002; Wang et al., 2008; Magalhães et al., 2010, 2011).
Culturing methods have proven to be unreliable for the
complete characterization of microbial ecosystems, including those
of food fermentation (Giraffa and Neviani, 2001; Jany and Barbier,
2008). Culture-independent microbial techniques, such as dena-
turing gradient gel electrophoresis (DGGE) and the construction
and analysis of libraries of conserved genes such as the 16S rRNA
gene are therefore now used, and indeed have already been
employed to study the microbiology of keﬁr grains (Wang et al.,
2006; Ninane et al., 2007; Chen et al., 2008). These techniques
have detected all of the commonly cultured species, as well as some
previously undetected microorganisms. However, in spite of this
extensive knowledge, the inventory of the microbial species asso-
ciated with the keﬁr grains is thought to be far from complete.
Pyrosequencing, an automated high-throughput sequencing
technique that involves the synthesis of single-stranded deoxy-
ribonucleic acid and the detection of the light generated by pyro-
phosphate released in a coupled reactionwith luciferase (Margulies
et al., 2005), has recently made its debut in the study of food
fermentation (Humblot and Guyot, 2009; Roh et al., 2010; Jung
et al., 2011). This technique allows the rapid and accurate
sequencing of nucleotide sequences that can then be used to
analyze the population structure, gene content and metabolic
potential of the microbial communities in an ecosystem. Pyrose-
quencing has recently been used to study the diversity and
dynamics of the bacterial populations of an Irish keﬁr grain and its
corresponding fermented product (Dobson et al., 2011).
The aim of the present work was to characterize the microbial
diversity of three different keﬁr grains collected in different regions
of Brazil. Several studies of Brazilian keﬁr have already been
undertaken (Magalhães et al., 2010, 2011; Miguel et al., 2010) but
most of these focused on the microbial composition of the keﬁr
beverage during fermentation (Magalhães et al., 2010, 2011). The
present work catalogues the microbial species identiﬁed in three
keﬁr grains using two culture-independent microbial methods e
PCR-DGGE and barcode pyrosequencing e and compares the
results obtained with those reported in the literature.
2. Material and methods
2.1. Keﬁr grain samples
The three keﬁr grains used in this study were collected from
different cities with similar climates and an average distance of
400 km in southeastern Brazil (AR, Niterói, Rio de Janeiro; AV,
Viçosa, Minas Gerais; and AD, Lavras, Minas Gerais). Grains AV and
AD were kindly provided by researchers from Brazilian universities
(Universidade Federal de Lavras e UFLA and Universidade Federal
de Viçosa e UFV), meanwhile the third grain (AR) belonged to
a family that traditionally cultivated the keﬁr grain in private
household for self consumption. At the laboratory, grains were
activated in sterile reconstituted skim milk (10% w/v) at 25 C for
24 h, ﬁltered through a sieve to remove the clotted milk, and rinsed
with sterile water. This activation step was repeated three times.
2.2. Isolation of total microbial DNA
For microbial genomic DNA extraction, activated keﬁr grains
were ﬁrst homogenized in 2% sodium citrate, and 2 ml of each
homogenatewas centrifuged for 10min at 10,000 g. Total DNA fromthe pellets was extracted and puriﬁed using the FastDNA Spin kit
(QBIOgene, Carlsbad, CA, USA) according to the manufacturer’s
instructions. The DNA obtained was quantiﬁed using a Qubit
ﬂourometer apparatus (Invitrogen Detection Technologies, Eugene,
OR, USA).
2.3. DGGE analysis of keﬁr grains
2.3.1. PCR ampliﬁcation of 16S and 26S rDNA sequences
Genomic DNAwas used as a template in PCR ampliﬁcations of the
V3 region of the bacterial 16S rRNA gene, using the universal primers
F357-GC (50eTACGGGAGGCAGCAGe30) and R518 (50eATTACCGC
GGCTGCTGGe30), as reported by Muyzer et al. (1993). Group-
speciﬁc primers for the detection of LAB were also used. These
were the pair Lac1 (50eAGCAGTAGGGAATCTTCCAe30) and Lac2-GC
(50eGATTYCACCGCTACACATGe30) to detect members of the genera
Lactobacillus, Pediococcus, Leuconostoc and Weissella (Walter et al.,
2001), and Lac3 (50eAGCAGTAGGGAATCTTCGGe30) and Lac2-GC to
detect members of the genera Lactococcus, Streptococcus, Entero-
coccus, Tetragenococcus and Vagococcus (Endo andOkada, 2005). The
D1 domain of the 26S rRNA gene of fungi was ampliﬁed using the
primers NL1-GC (50eGCCATATCAATAAGCGGAGGAAAGe30) and LS2
(50eATTCCCAAACAACTCGACTCe30), as reported by Cocolin et al.
(2002). All GC primers contained a 39 bp GC-clamp sequence at
their 50 end to prevent the complete denaturation of amplicons. PCR
was performed in 50 ml reaction volumes using a Taq-DNA poly-
merase master mix (Ampliqon, Skovlunde, Denmark) withw100 ng
of each DNA sample as a template and 0.2 mM of each primer.
2.3.2. Electrophoretic conditions and identiﬁcation of bands
DGGE was performed by using a DCode apparatus (Bio-Rad,
Richmond, CA, USA) at 60 C and employing 8% polyacrylamide gels
with a denaturing range of 40e60% for total bacteria, 40e50% for
group-speciﬁc LAB and 30e50% for fungi. Electrophoresis was
performed at 75 V for 16 h and 130 V for 4.5 h for bacterial and
fungal ampliﬁcations respectively. Bands were visualized under UV
light after staining with ethidium bromide (0.5 mg ml1) and
photographed.
Bands in the gels were identiﬁed by sequencing. Bands were
excised from the gels and DNA eluted overnight in 50 ml of sterile
water at 4 C. The DNAwas re-ampliﬁed with the same primer pair
without the GC-clamp and sequenced by cycle extension in an ABI
373 DNA sequencer (Applied Biosystems, Foster City, CA, USA). The
identity of the sequences was determined by the BLASTN algorithm
in the GenBank database (http://www.ncbi.nlm.nih.gov/BLAST/).
2.4. Pyrosequencing analysis of keﬁr grains
2.4.1. Primers and 16S rRNA gene ampliﬁcation conditions
Two universal primers, Y1 (50eTGGCTCAGGACGAACGCTGG
CGGCe30) (position 20e43 on 16S rRNA gene, Escherichia coli
numbering) and Y2 (50eCCTACTGCTGCCTCCCGTAGGAGTe30)
(positions 361e338) (Young et al., 1991), were used to PCR-amplify
a 348-bp stretch of DNA embracing the V1 and V2 variable regions
of theprokaryotic 16S rDNA. 454-adaptorswere included in both the
forward (50eCGTATCGCCTCCCTCGCGCCATCAGe30) and reverse
(50eCTATGCGCCTTGCCAGCCCGCTCAGe30) primers, followed by
a 10-bp sample-speciﬁc barcode sequence. Ampliﬁcations were
performed as described above using the following PCR conditions:
95 C for 5min, 25 cycles of 94 C for 30 s, 52 C for 40 s and 72 C for
30 s, and a ﬁnal extension step at 72 C for 10 min.
Amplicons were puriﬁed through GenElute PCR Clean-Up
columns (SigmaeAldrich, St. Louis, MO, USA), and the DNA
concentration and quality was measured using an Epoch micro-
volume spectrophotometer (BioTek Instruments, Winooski, VT,
Fig. 1. DGGE proﬁles of the microbial community from three Brazilian keﬁr grains
(samples AR, AD and AV). Panel A: DGGE proﬁle of the eubacterial 16S rRNA gene
obtained with universal primers (1) Lactobacillus keﬁranofaciens; (2) Lactobacillus
keﬁranofaciens; (3) Lactococcus lactis; (4) Lactobacillus keﬁri; (5) Lactobacillus keﬁr-
anofaciens. Panel B: DGGE proﬁle of the eukaryotic domain D1 of the 26S rRNA gene (6)
Saccharomyces cerevisiae; (7) Kazachstania unispora. Panel C: DGGE proﬁle of the 16S
rRNA gene obtained with speciﬁc primers for the lactobacilli group (8) Lactobacillus
keﬁranofaciens; (9) Lactobacillus keﬁri. Panel D: DGGE proﬁle of the 16S rRNA gene
obtained with speciﬁc primers for the lactococcus group (10) Lactococcus lactis.
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amount of 100 ng. Pooled DNAwas then ampliﬁed in PCR-mixture-
oil emulsions and sequenced in different lanes of a PicoTiterPlate on
a 454 Genome Sequencer 20 system (Roche, Basel, Switzerland).
The sequences obtained were uploaded at the NCBI Sequence
Read Archive (SRA) under accession numbers SRA045648.2,
SRR340042.2, SRR340043.1 and SRR340041.1.
2.4.2. Sequence treatment and bioinformatics analysis
Raw sequenceswere processed through the Ribosomal Database
Project (RDP) pyrosequencing pipeline (http://wildpigeon.cme.
msu.edu/pyro/index.jsp). Sequences were excluded from the anal-
ysis if they were of low quality, if the read length was less than
300 bp, or if one of the primer sequences was missing. The high-
quality partial 16S rDNA sequences were submitted to the RDP-II
classiﬁer using an 80% conﬁdence threshold to obtain the taxo-
nomic assignment and the relative abundance of the different
bacterial groups (Wang et al., 2007). Multiple sequence alignments
for each sample were made using the Aligner tool (default settings)
on the RDP website. These alignments served as inputs for con-
structing the distance matrix and for clustering the sequences into
operational taxonomic units (OTUs) using MOTHUR v. 1.14.0 soft-
ware (Schloss et al., 2009). The clusters were constructed at a 3%Table 1
Estimated OTU richness, sample coverage and diversity index of 16S rDNA libraries of ke
Library NS OTUsa Estimated OTU richness
ACE
AD 2641 18 42.24 (28.17; 75.78)
AR 2690 14 38.57 (23.67; 76.40)
AV 8983 46 148.02 (109.96; 208.74)
Total 14,314
Abbreviations: ESC, estimated sample coverage; NS, number of sequences for each libra
Values in brackets are 95% conﬁdence intervals as calculated by MOTHUR.
a Calculated by MOTHUR at the 3% distance level.
b Shannon diversity index calculated using MOTHUR (3% distance).
c ESC: Cx ¼ 1  (Nx/n), where Nx is the number of unique sequences and n is the totdissimilarity cut-off and served as OTUs for generating predictive
rarefaction models, and for determining the ACE and Chao1 rich-
ness (Chao and Bunge, 2002) and Shannon diversity indices
(Shannon and Weaver, 1949). The MOTHUR programwas also used
to perform the Fast UniFrac test, which was employed to compare
the phylogenetic structure of the libraries and to generate the Venn
diagrams. A neighbour-joining tree was constructed with repre-
sentative sequences of each OTU selected by MOTHUR. These
sequences were compared against the RDP database using the
Seqmatch option to select for the nearest neighbours. All sequences
were then aligned using MEGA 5.0 software (Tamura et al., 2011)
and the JukeseCantor model. The equivalent sequence of the
archaea Halococcus saccharolyticus (AB004876) was used as an
outgroup to root the tree.
3. Results
3.1. PCR-DGGE analysis of bacterial and yeast communities
DGGE ﬁngerprints of the microbial communities in the three
Brazilian keﬁr grains were rather simple, containing from one to
ﬁve different bands (Fig. 1, panels A through D). Most bands were
shared by all three samples. The species proﬁle of the total bacteria
ampliﬁed with the universal primers involved up to ﬁve bands
reﬂecting three different species (Fig. 1, panel A). Bands corre-
sponding to Lb. keﬁranofaciens (bands 1, 2 and 5) and to Lb. keﬁri
(band 4) were found in all samples. An additional band present in
sample AV (band 3) was identiﬁed as Lc. lactis. The same three
species were also found using the group-speciﬁc primers for lac-
tobacilli and lactococci (Fig. 1, panels C and D, respectively). The
DGGE ﬁngerprints of the yeast community were also simple and
similar for the three grains. A high-intensity band was present in all
samples, andwas identiﬁed as S. cerevisiae (band 6, Fig.1 panel B). A
low-intensity band corresponding to K. unispora was revealed in
keﬁr grain AD (band 7, Fig. 1 panel B).
3.2. Bacterial composition and community structure determined by
pyrosequencing
A total of 14,314 high-quality partial 16S rDNA sequences, longer
than 300 bp, were obtained by pyrosequencing analysis, including
2641 from sample AD, 2690 from sample AR and 8983 from sample
AV. Diversity richness, coverage, and evenness estimations calcu-
lated for each data set are presented in Table 1. Rarefaction curves
showed similar patterns for all samples (Fig. 2), and suggested that
the bacterial community was well represented since they became
ﬂatter while the number of sequences analyzed increased. Addi-
tionally, when re-sampling analyses were performed, normalizing
by sample size, the rarefaction curves proved to be saturated (Fig. 2
panel B). Moreover, the coverage at the 97% similarity level was
above 0.99 for each of the keﬁr grains. According to Fig. 2, and theﬁr grain samples.
Shannonb ESCc
Chao1
54.00 (28.27; 144.19) 0.49 (0.45; 0.53) 0.99
24.50 (16.03; 68.19) 0.33 (0.29; 0.37) 0.99
82.14 (58.65; 149.23) 0.70 (0.67; 0.72) 0.99
ry; OTU, operational taxonomic unit.
al number of sequences.
Fig. 2. Rarefaction curves of partial sequences of the bacterial 16S rRNA gene from Brazilian keﬁr grains (AD, AR and AV) at a 97% similarity level (A) and rarefaction curves
normalized with respect to sample size (B).
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AV possessed greater species richness than the other grains at 97%
similarity level. A similar ﬁnding was observed when considering
the microbial diversity estimated by the Shannon index at 97%
similarity level. Indeed, 14, 18, and 46 OTUs were associated with
keﬁr samples AR, AD, and AV respectively (Table 1).
The Unifrac test further revealed that sample AV was signiﬁ-
cantly different from AD and AR (p < 0.01) when the relative
proportion of sequences from each community was taken into
account (Weighted Unifrac algorithm).
To evaluate the distribution of OTUs among the different keﬁr
grains, a Venn diagram was constructed (Fig. 3). This showed that
11 OTUs, embracing 95.8% of the sequences, were common to all
three grains. Further, despite the larger number of speciﬁc OTUs in
the AV sample (24 OTUs), the incidence of such grain-speciﬁc
sequences (3.86%) was much lower than those shared by all
samples (95.8%). Similarly, speciﬁc OTUs of the other two samples
were represented by a low percentage of sequences.
The bacterial sequence reads were grouped into three different
phyla: Firmicutes, Actinobacteria, and Proteobacteria. Of these, Fir-
micutes was the most abundant phylum, and was dominated by
members of the class Bacilli belonging to the order Lactobacillales.
Three families were found among the sequences belonging to this
order: Leuconostocaceae, Streptococcaceae and Lactobacillaceae. The
family Lactobacillaceae was predominant in all three grains, andFig. 3. Venn diagram showing speciﬁc and common OTUs in the Brazilian keﬁr grains
AD, AR and AV, and the percentage of occurrence of the total sequences (in
parentheses).was represented by only one genus, Lactobacillus, which accounted
for 99.7, 93.9, and 99.6% of the reads for grains AR, AV and AD
respectively (Fig. 4). In the family Streptococcaceae, the genus
Streptococcus comprised only 0.01% and 0.04% of all sequences
identiﬁed in grains AV and AD respectively, whereas the genus
Lactococcuswas detected only in keﬁr grain AV (4.87% of the reads).
The genus Leuconostoc also occurred at a low level in samples AV
(0.12%) and AD (0.23%). Few sequences were assigned to the
phylum Proteobacteria, which accounted for 0.3% of the total
assigned sequences for grain AR, 1% for AV and 0.04% for AD. The
sequences of this phylum belonged to the genus Acetobacter in
sample AR (0.26%) and AD (0.04%), and to the genus Pseudomonas
(0.99%) in sample AV. Phylum Actinobacteria was represented by
reads belonging to the genus Solirubrobacter in grain AR (0.04%)
and the genus Biﬁdobacterium in grain AV (0.02%).
Because of the low diversity found, unique representative
sequences from each OTU were selected and used to construct
a phylogenetic tree (Fig. 5). The different sequences were manually
compared against the RDP database and further aligned with up to
three of their nearest sequences in the database. Themajority of the
OTUs represented close phylogenetic lineages of Lactobacillus spp.Fig. 4. Relative abundance at family level, based on the classiﬁcation of partial 16S
rDNA sequences of bacteria from the Brazilian keﬁr grains AD, AR and AV using RDP-
Classiﬁer.
Fig. 5. Bacterial phylogenetic tree showing representative reads from the pyrosequencing analysis. The neighbour-joining tree was constructed with a representative sequence of
each OTU selected by the MOTHUR program. Numbers at the nodes indicate bootstrap values (expressed as a percentage of 1000 replications). Values in brackets represent the
number of sequences found for each OTU. Symbols represent the distribution of the OTUs in the samples (triangle e one sample; square e two samples; circle e three samples).
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investigations further allowed the classiﬁcation of the reads in
a number of Lactobacillus species and subspecies, including among
others Lb. keﬁranofaciens subsp. keﬁrgranum, Lb. keﬁranofaciens
subsp. keﬁranofaciens, Lb. keﬁri, Lb. parakeﬁri, Lactobacillus para-
buchneri, Lactobacillus amilovorus, Lactobacillus crispatus and
Lactobacillus buchneri. Sequences identiﬁed as Lc. lactis subsp. cre-
moris were also revealed in keﬁr sample AV.
4. Discussion
The microbial diversity of keﬁr grains of different origins has
been analyzed using both culturing (Simova et al., 2002; Witthuhn
et al., 2005; Mainville et al., 2006; Chen et al., 2008; Wang et al.,
2008; Miguel et al., 2010) and culture-independent techniques
(Garbers et al., 2004; Wang et al., 2006, 2008; Ninane et al., 2007;
Chen et al., 2008; Miguel et al., 2010; Dobson et al., 2011). In the
present study, two culture-independent techniques were used to
evaluate the microbial diversity and community structure of three
different keﬁr grains from different locations in Brazil. The domi-
nant populations were identiﬁed using PCR-DGGE, while the next-
generation sequencing technology of pyrosequencing allowed
a more complete view of the grain communities’ overall
composition.
As in previous studies (Garbers et al., 2004; Chen et al., 2008;
Jianzhong et al., 2009; Miguel et al., 2010; Magalhães et al.,
2010), the bacterial PCR-DGGE proﬁles were shown to be
composed of a small number of bands. These corresponded to
several Lactobacillus species that have always been reported as
prevalent. Lb. keﬁranofaciens (Chen et al., 2008; Jianzhong et al.,
2009; Magalhães et al., 2010) and Lb. keﬁri (Miguel et al., 2010)
have been described as accounting for the more intense DGGE
bands. These two bacterial species have also been reported as
dominant by culturing in different keﬁr grains (Mainville et al.,
2006; Chen et al., 2008; Miguel et al., 2010). The small number
of DGGE bands seen for the yeast proﬁle has also been reported for
many other keﬁr grains (Garbers et al., 2004; Wang et al., 2008;
Jianzhong et al., 2009; Magalhães et al., 2010). The dominant
yeasts found in these earlier investigations were Saccharomyces
spp., Kluyveromyces lactis, Kazachtania spp. and Candida spp.
(Garbers et al., 2004; Wang et al., 2008; Jianzhong et al., 2009).
S. cerevisiae was the main yeast species detected in the present
work. This and other related species have also been identiﬁed as
majority via culturing (Simova et al., 2002; Latorre-García et al.,
2007).
Pyrosequencing is becoming the state-of-the-art technique for
the analysis of microbial populations from different ecosystems. It
has been used to study several types of food fermentation
(Humblot and Guyot, 2009; Roh et al., 2010; Jung et al., 2011).
Indeed, one report exists in which a keﬁr grain and its fermented
milk were analyzed by this technique (Dobson et al., 2011). The
present pyrosequencing analysis revealed the phylum Firmicutes to
be strongly dominant in the examined grains, accounting for more
than 99% of the sequences. This phylum is composed of a group of
low-GC-content Gram-positive bacteria, which includes LAB. Fir-
micutes was also found dominant in the study of the Irish keﬁr, in
which both the interior and exterior of the grain were analyzed
(Dobson et al., 2011). These authors also showed that all other phyla
detected (Actinobacteria, Proteobacteria and Bacteriodetes) were
minor components of the keﬁr community in the interior of the
grain. Within the phylum Proteobacteria, Pseudomonas spp. was
identiﬁed in the grain AV, which has been suggested to be an
environmental contamination (Dobson et al., 2011). The genus
Acetobacter (Proteobacteria subgroup) was found in only two of the
Brazilian grains (AR and AD). Although AAB have often beenmentioned as one of the main components of the bacterial pop-
ulation of keﬁr grains (Rea et al., 1996; Garrote et al., 2001; Miguel
et al., 2010), they have in fact only occasionally been detected
(Garbers et al., 2004; Chen et al., 2008; Jianzhong et al., 2009;
Miguel et al., 2010; Dobson et al., 2011).
In general, the two techniques used in this study were consis-
tent with respect to the detection of the predominant bacteria.
However, somemicroorganisms identiﬁed by pyrosequencing were
not detected by DGGE analysis, probably because they were part of
minority populations in the grains. This limitation of the PCR-DGGE
methodwas previously noted by Ercolini (2004), who reported that
minor bacterial groups in complex communities may not be rep-
resented in the DGGE proﬁles. The present results show that
pyrosequencing allows the detection of microorganisms that are
not part of the dominant community such as biﬁdobacteria. These
minor microorganisms may contribute to the particular sensory
characteristics of the keﬁr beverage fermented by each grain (ﬁz-
ziness, acidic taste, and refreshing ﬂavour), via the production of
metabolites such as organic acids, ethanol and aromatic
compounds.
Traditional culturing and molecular techniques have indicated
that a few speciﬁc microbial genera and species may be constantly
present in keﬁr grains, whereas others may or may not occur
(Simova et al., 2002; Witthuhn et al., 2005; Mainville et al., 2006;
Wang et al., 2006, 2008; Ninane et al., 2007; Chen et al., 2008;
Miguel et al., 2010; Dobson et al., 2011). Further, as Farnworth
and Mainville (2008) have noted, the list of bacteria and yeasts in
keﬁr grains should not vary signiﬁcantly from one part of the world
to another if good care, similar growth conditions, and proper
sanitary conditions are maintained. However, over time and under
different growing conditions, keﬁr grains may change their
microbial make up and fermentation properties. In the present
work, even considering that the three keﬁr grains may have been
grown in different locations over the years, the dominant micro-
biota was similar; only the minority communities varied. These
small microbial differences may be associated with distinctive
grain-speciﬁc sensory proﬁles (Pintado et al., 1996; Rea et al., 1996;
Simova et al., 2002).
5. Conclusions
Two culture-independent methods were used to evaluate the
microbial diversity of three Brazilian keﬁr grains: PCR-DGGE and
pyrosequencing. Both techniques showed Lb. keﬁranofaciens to be
dominant, while DGGE showed S. cerevisiae to be the main
eukaryotic microorganism. Pyrosequencing analysis also allowed
the identiﬁcation of minor bacterial components. For the complete
description of the microbial communities of the keﬁr grains,
pyrosequencing analysis using speciﬁc primers for eukaryotic and
archaea organisms should also be performed.
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